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(54)TUIe: PREFORM. DEVKX AND METHOD FOR CASING A WELL 

(54) Titre: FREFORME. DISPOSITTF ET PROCEDE POUR LE TUBAGE D'UN PUTTS 

(57) Abstract 

A prefonn comprises, distributed along its wall, annular curable zones (3) 
which arc radially and outwardly defonnable so that dicy ^ly agabist the wall 
(20) of the weU (2), or of the conduit, and which fonn, after curing, anchoring and 
sealing locks for the casing. AppUcatioa* casing of wells, particularly oil weUs 
or conduits, without using r*»<*** ' 



(S7)Abr^ 

One, prtffonne comporte. itfparties le long de sa paioj. dcs zones annulatres 
dmcissables (3) aptes ft ae d6fbnner radialement ven Text^rieur pour venir 
s'appliquer comre la parol (2(0 du pods aX ou de U canalisation, et qui 
foment qnts durcisscflient des venous d'anciage et d'etanchdit^ pour le tubage. 
Applications: nibage de pnits, noiaimneat de fon^ p^firolier. ou de canalisations, 
sans utilisation de ciment. 
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PREFORME, DISPOSITIF ET PROCEOE POUR L£ TUBAGE O'UN PUITS 



10 



La pr^sente invention c<mceme une prtffonne souple qui esi ddpliable 
radialement. et durcissabte in situ, aprfes qu'elle ait 6t6 mise en i^ace dans un puits. 
notamment un puits de forage pdtidier. ou dans une canalisation, pour y constiluer un 
tubage cjlindrique. 

L'invention concerne dgalement le procedd pour mettre en place, ancrer 
cette pr^foime dans le puits ou dans la canalisation, et crder une ^tancMite entre la 
prffonne et le puits ou la canalisation. 

On connait dijk des prtfonnes dont la paroi est en mat^riau souple, 
susceptible d'etre replidc sur elle-mlme de raaniire a presenter un encombrement ladial 
nettcmcnt plus faible que le diamfctre du puits ou de la canalisation k tuber, ou k chemiser 
dans le cas d une reparation localise. La prtforme est introduite dans le puits ou dans la 
canalisatian k I'toi replit Une fois qu'elle a H€ positionn^e k l endioit voulu, on la 
d^fonne radialement vers rextirieur. par introduction k I'inttfrieur de la pr^rorme d'un 
fluide de gonHage. Sous refTet de la pression interne, elle prend une forme cylindiique. 
15 c'est-a-dire une section drculairc. L'ancrage de la pr^forme ainsi diialde k Tinterieur du 
puits ou de la canalisauon se fait au moyen J'un citnent que Ton coule dans Pespace 
annulaiie s6panat la paroi oct^eurc de la prtfonne cylindrique de la paroi du puits ou de 
la canalisation. Le durdssement k chaud. par polymdiisation. de la paroi constimtive de la 
prdbrme peut etic r6alis6 soit par introduction d'un liquide chaud k Tintdrieur de la 
20 prffoime, soit par effet Joule au moyen de resistances Secuiques appioprito disposes 
dans la prdforme. par exemple de fils eiectriques faisant parUe (fe I'annaturede la paroi de 
la preforme, impregn^e de rfsine theiniodurcissable. 

La demande de brevet intemationale WO 94A2 1887 conceme la cimentauon 
d'un tubage de ce type. 

25 La cimentation d'une tdle prffomie de ce type pose piusieurs piobltaies. 

Tout d'abord, eile exige une installation de cimenution relativemeni 
sophistiqu6e et coQteuse. 

Par ailleurs, la quality du ciment doit ttre parfaite, pour pouvoir s'ins<rer 
correctement. et de maniere homogfcne, dans les interstices annulaircs. dont I'^paisseur . 
30 peut 6tre tris faiWe. separanl la paroi de la pr6foime de la paroi du puits ou de la 
canalisation. 
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Enfin. la cimentation n'est pas toujours trfes fiablc car mat contifiite sur de 
grandes longueurs. 

L'objectif de la pr&ente inveniiwi est de proposer une prdforme du genre 
ci-dessus d&rit. pouvant fitrc mise en place et ancrie k l int^rieur du putts ou de la 
5 canalisation, sans qu'onn'ait&faire usage d'uncimenL 

Cct objecUf est atteint. confonntfment i TinvenUon. gifice au fait que la 
pr^fcrme comporte. le long de sa paroi. des rones annulaires duicissables aptes k se 
diformer radialement vere I'ext^rieur pour venirs'appliquer centre la paroi du puiis ou de 
la canalisation et qui forment. apris dureissement. des venous d'anciage et d*<tanch<it<5 
10 pourletubage. 

Par ailleurs. selcm un certain nombre de caracttfristiques additionncllcs. 
non limitatives de rinvention : 

- la pr^fomie comporte une nSserve de r^ine polymirisable & chaud 
disposde du cQt£ inttSrieur et apte k migrer nidtalement vers rcxidricur k ttavers la paroi 

15 sous I'efTet d'une pression interne ; 

- die comporte une peau extftieure ^lastiquement d^formable. dont 
certains tronyons en foime de manchons ont une aptimde i la dtfomation radiale 
nettement plus grande que cellc du reste de la peau. ces tron9ons r6Uisant lesdits venous ; 

- les tronfons facilement ddformables sont en ^lastom&re non renforc6. 
20 landis que le reste de la peau est en dlastomirerenforc^ ; 

- ladite reserve consiste en des poches annulaires siui6es en regard desdits 
irongons de peau ext^eure fadlementcKfonnaUes ; 

- ladite reserve s'^nd tout le long de la pr^omie. y compris en regard des 
zones de peau ext^eurenon radlementd^fomiaUes ; 

- la paroi de la prdfonne est composfe d'une fime en nisine polymerisable 
4 chaud et de deux peaux en niat<iriau dlastomare. Tunc int^rieure. I'autre exuSrieure. 
laditer6scrvccontenantlar68ine6antd<Umil6eparrameetparlapeauint6ricure ; 

- la prtforme est munie de joints d'6tanch<it« annulaires enlourant les 
zones duFcissaUes destinies k constituer les vetrous. 

Le proc616 selon Tinvention. destine k la mise en place, k Tancrage, et & la 
realisation de l'«5uu,cMit^ d'une pr^foime telle que dterite ci-dessus k rint<5rieur d'un 
puits ou d'une canalisation, comprend les Stapes suivantes : 

a) on introduit la pr^rorme & I'dtat dans un puits ou une canalisaUon 
cylindrique. dont le diamftue est un peu plus grand que celui de la prtformc lorequ'elle 

35 est radialement d^ployde; 

b) on introduit un fluide sous pression 1^ TintAieur de la pr^forme pour 
I 'amener k 1 '4tat ligoureusement cylindrique ; 
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c) on provcxiue la deformation desdites rones annulaires vers Text^rieur 
pour les appliquer contre la paroi du pui ts ou de la canalisation ; 

d) on provoquc le durdssement dc la prdfonnc et dcs zones annulaires. 
De manifere avaniageusc, k Tdtape c) on chaufTe la rtsine contcnuc dans 

5 les pochcs annulaires de maniire h la Hqudfier el la faire migrer vers Pexterieur sous 
Teffet de la pression interne el. k T tope d), on maintienl celte i^ine et cellc consUtuiive 
dc la paroi dc la prdforme d la tempdraiure de polymerisation durant un temps suffisani 
pour obtenir le durdssement de Fensembie. 

D*auires caract€ristiques et avantages de Tinvention apparaiiront de la 
10 description et dcs dessins annexes, qui en repr&entenl, k titre d'exemples non limitatifs. 
dcs modes de realisation prtferentiels. 
Surces dessins: 

- la figure 1 est une vue en coupe schemaiiquc d'une preforme conforme k 
Tinvention. aprte introduction et deploiement radial, mais avant anciage. k rinierieur 

15 d'un puits de forage petrolier ; 

■ 1^ figures 2 et 3 sont des sections transversales de la prdfomie k V€m 
initial replif. selon deux modes de rqiHement differents ; 

- la figure 4 est une vue similaire k celle des figures 2 et 3, qui reprtsente 
la prtforme radialement deploy^, pour prendre une forme cylindrique ; 

" la figure 5 est une vue partielle. en coupe axiale, de la paroi de la 
preforme. au niveau d'une zone annulaire durdssable destinde k constituer un verrou 
d'ancrage, avant qu'clle n'ait 6t6 deformfc radialement vers Tcxterieur ; 

- la figure 6 est une vue similaire k la figure 5. repiescntant la pr^forme 
apr^ deformation et durdssement du verrtxi ; 

IS - la figure 7 est une vue schematique d'un tronfon de preforme deploye. 

qui est dquipe de plusieurs joints d'etancheite au niveau de la zone annulaire durdssable 
destinee k constituer un venou d*ancrage ; 

- la figure 8 est une vue en coupe longitudinale au niveau du joint, aprfes 
ancrage et durcisseraent de la preforme dans un puits. 

'0 - les figures 9 el 10 sont des vues analogues aux figures 5 et 6 respective- 

ment, representant une variante de ia preforme. 

A la figure 1 on a represcnte une preforme 1 conforme k Tinvention. qui 
est.placee k Tinterieur d'un puiis de forage petrolier 2. dont la paroi cylindrique est 
refereDcee20. 

5 La prf fonmc csl de type conmi, en materiau thermodurdssable, pdymerisa- 

ble k chaud, qui avant mise en place k Tinterieur du puits est repliee tongitudinalement de 
fa^on k presenter un encomteement radial ledutt 
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Le pliage pcut Sire r&ilis^ en "U" comme reprtsentd sch6natiquement a la 
figure 2, ou en "escargot" comme repr&ent^ k la figure 3. 

Aprfe! mise en place sur la longueur voulue. k rintdxieur du puiis 2 la 
prtformc est d^ployfe de maniire a prendnj une fornie cylindrique. comme illustree aux 
5 figures 1 et 4. 

Ceae dilatation radiale sc fait par introduction d'un fluide sous pression 
dans I'espace int^rieur 100 de la prdforme. Pour cela. il est prdvu une canalisation 4 
pdn^uant de manifere Blanche en extrdmitd superieure la de la preforme. I'amende de 
nuide se faisant depuis la surface S du puits. Le fluide utilise peut etre simplemcnt la 
10 boue liquide exuaite du puits. 

UcxMmit6 basse lb de la prtforme est naturellemcni obtunSe par des 
moyens de fermeture appropries. 

A V6m dfployd. la paroi 10 de la prtforme pr^sente done une forme 
ngoureusement cylindrique. de diamfttre calibrd. Le diamfetre de sa surface extdrieu,* est 
chois. de maniire i &re tr«s Wgft«ment infdrieur au diamfctre de la paroi du puiu. 
,^ .,, ^ '^'^ d*«««Ple. non limitatif. le diamftire exteme de la prtforme sera de 
178millimfetfes.tandisquelediamfctn:delaparoi20senidcl84millimfetres 

"''^*«'^'»°"'=""j«"«"»«aireJdontlavaleurradialeest,parexemple.de 

3 millimetres. 

d dvacuer la boue au cours du gonflage. « • 

Selon une caract6iistique essentielie de I'invcntion. la preforme 1 est 
pourv-ue de plusieunj 2ones annulaires durcissables rdparties le long de sa paioi aptes ft 
se dtfonner ladialement ven; 1 'cxtdneur pour venir .'appUquer cont« la pan>i 20 du puits 
de man.^ iformer. aprfes durcissement. des verrous d'ancrage et d'dunchdi.^ pour le 
cubage. Ces verrous sont rep,<sentes en traits interrompus et rdfdrenois 3 k la figure 1 

Les diff^rents venous 3 sont espacfa de distances L, . prdddtermin&s. 
qui ne sont pas n&xssairement ^gales. 

A titre indicaUf. la prtfotme a une longueur pouvant atteindre 3 000 
L-cspacement des verrous 3 pouna elre compds entre 5 et 50 mfeues. par 

U hauteur des verrous sera de I'oidre de 0.5 a 3 mitres. 

Danslemodeder<Jalisaaonrepr<sent6auxfiguies5et6,laparoi lOdela 
prdfoime «t constitute d'une Sme thermodurcissable 5 prise en sandwich entre une peau 
mieneurc6ctuncpcauextdrieure7. . 



20 



25 



30 mitres, 
exemple. 



wo 96A)I937 



PCT/FR9S/00902 



Uamc 5 est une rtsine polym^risablc k chaud, k rintericur de laqudle esi 
noy^e une armature de rcnforccment compost de fibres 50, teiles que des fibres de vcrrc 
ou de carbone, certaines circonfdrentielJcs et d'auu^es longitudinaJes. 

La pcau intfricure 6 est en mat^riau dlasiom^re (caoutchouc synthdtiquc) 
5 non renforc6. La peau ext^rieure 7 est en niatdriau 61aslomere. renforce par un Ussu 
faiUement extensible. 

La zone annulaire destinde k constimer le verrou forme un r^ervoir 
(pochc) ddlimit^ d'une part par Tame 5 et d^autre part par un renfiemcnt 6\ dirig^ vers 
r intcrieur 100 de ia pnf fonne, de ia peau intdrieure 6. Cc r&civoir contient une rfeine 60. 
10 polym6isable k chaud. 

En regard du renflement 6\ la peau extdrieure 7 est interrompuc pour 6u^e 
remplacde par un manchon a Celui-d est convenablement relid et fixd, par exemplc par 
collage, k la peau 7. Lc manchon 8 est en matdriau dastomire non renforcd. II est done 
extensible ladialement. contrairement au reste de la peau extdrieure 7. 

A titrc indicatif, Tdpaisseur de chacune des pcaux 6, 7 est de I'ordre de 2 
millimetres, tandis que r&ne 5 a une dpaisseur comprise entre 5 et 15 millimetres. 

La r&inc 60 est choisie pour possdder une viscositd 6\e\6c k iemp6rature 
ambiante. et une viscosity faible k temperature flcvdc, par exemplc h partir de 80'C 
environ. Elle dcvienl alors liquide et susceptible de migrer k travers Tfime 5 et son 
20 annature 50, vers rextdrieun 

L*ancrage de la prdforme dans ie puits se fait de ia maniere expliqude ci- 

aprfes. 

On procfede tout d'abord au d6ploiemcnt radial dc la prdforme. en y 
introduisant le liquide L, comme d€jk dit plus hauL U prtfforme va done prendre 
25 progressivement une forme cylindriqia. tandis que la boue prfsente k Tintdrieur du puits 
est chass^c dc Tcspacc annulaire restf libre et remonte en surface. C'est du rcste cetle 
m§me boue qui peut 6tre utilise comme liquide de gonfiage L, via un circuit de pompage 
ad hoc. 

La pression du liquide L est choisie de telle manifere quMl y ait une 
30 difference de pression relativemcnt eievfc, par excmple de Tordrc de 10 bars, entre les 
liquides intcrieur et extdrieur k la prtforme. La prtforme est retenue dans sa position 
correcte k rintericur du tube par un appareillage approprie install^ en surface, et non 
represents. 

Ensuitc, on procfede au chauffage de la paroi de la prefonne. soil en 
suhstituant au liquide L un liquide chaud, soit par effci Joule, k Taide de resistances 
eiecuiques appropriees montees dans la preforme. Cct apport de chaleur va fluidifier ia 
resine 60 contcnue dans les poches 6\ ainsi que celle de rSme 5. 



35 
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Sous Teffel de ia pression p du fluide int^rieur, la rdsine liquide va alors 
migrer de rini^rieur vers rexldricur. toul en refoulani la rfcine constitutive de I'Smc 5. ^ 
travers ceite demi^re pour former des hemics annuiaires 61 qui vonl venir s'appliquer 
- par rintenmMiairc des tron9ons de peau 8 facilement d^fomables - contre la paroi 20. 
5 avcc unc pression rclativement forte. Bien eniendu. la capacity des r&ervoirs ei. 
corr€lati vcmenl. le volume de la rdsine 60 sonl choisis suffisants pour combler coirectc- 
ment Fespace annulaire correspondant au jeu j, et ddformer surfisamment les verrous 3 
vers Pextdrieur. conire la paroi 20. Les lron9ons 8, aprfcs expansion radiale. sont 
r^fdrenc^ 8* sur les dessins. 
10 On continue ensuite k apporier k la pr^forme ei au verrou les calories 

n<cessaires. pendant une dur^c suffisante - g^ndralcmcnt de quelqucs heures - pour 
obtenir la polymerisation de Tensemble de la paroi, y compris celle des verrous. 

On obtienl done ainsi un tubage rigide k pard tntdrieure cylindrique. et 
dont la paroi cxidrieure est formde de bourrelets annuiaires qui constituent des zones 
15 d'ancrage et d'^tanch^it^ du tubage dans le puits Z 

Les operations finales consistent k enlever le liquide se trouvant k 
rintdrieur de la prdfonne, k reiircr le conduit 4. el k tfliminer les extr6mil65 de prtforme 
haute la et basse lb. 

La partie 1 a peut Ctre enlcvde simplemenl par sciagc transversal. La partie 
20 basse 1 b peut 6tre enlev^c par forage axial k Tintdrieur du tubage. 

II convient de noier, que la localisation des verrous 3 est parfaitement 
contrdiee par suite de la prfsencc des manchons 8 dont Taptitude k Texiension radiale esi 
plus grande que le reste de la peau ext^rieure 7. 

La deformation de la peau interieurc 6 vers Texterieur, k la fin de la 
25 migration de la r^sine vers r exi6rieur, est limitde car cettc peau 7 va venir prendre appui 
contre la structure filameniaire 50 de r§mc 5. Ainsi, on est assure que la paroi interieure 
du hibage aura une forme rigoureusemcnt cylindrique sur toute sa hauteur. 

Les verrous annuiaires seroni positionnes k la dcmande. selon les 
caracieristiques physiques du puits k tuber, le long de la preformc. notamment en 
30 fonction de la disposition de certaines zones aquiferes. 

Pour ameiiorer retancheite enire la preforme et la paroi du puits, il est 
possible de prevoir, au niveau des verrous 3 des joints d'etancheite. 

Cette possibilite est illustree aux figures 7 et 8. Les manchons dilataWes 8 
sont gamis d'un ou de plusieurs joints d'etancheiie 9, pax exemple au nombie de trois. II 
35 s'agit par exemple de joints souples, aptes k se deploycr radialement en m€me temps que 
la preforme. pour prendre une forme lorique. Aprfes dilatation radiale et duicissement des 
verrous. les joints se trouvcnt loges dans une gorge annulaire de la peau exteiieure 8\ 
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assurant une parfaite 6tanch£ite k ce niveau. Cette technique d*6tanch6it6 Taic Tobjet de la 
demande dc brevet n* 94 03629 depos^ par la demanderesse le 23 mars 1994. Elle est 
appliqude ici aux zones d'ancrage de la prffonne. 

li convient de noter que la r6sine 60 peut rester emprisonnde pendant une 
5 longue dur& h I *intfrieur des poches 6\ sans risque de degradation. 

Ainsi, ies in^fonnes peuvent Stre stockto sans dommages, mises en place 
au moment voulu, puts ancr^es ^galement au moment voulu. Du reste. tl n*est pas 
necessaire de r&diser la polymerisation de la preforme et des verrous juste apr^ le 
deploiemem radial de la prtforme. Ces operations peuvenl 6lrc mcnfes successivcmcnt au 
10 moment opportun, notammeni fonction de ia disponibilite du personnel arfecc^ k ces 
tSches. 

Dans la variante de preforme iilustree aux figures 9 et 10, dans lesquelles 
ies memes references qu*aux figures 5 et 6 ont ete utilisees pour designer des elements 
identiques 6u similaires, la reserve de resine polymerisablc h chaud 600 n'cst pas 

15 confinee dans des poches. Au contraire, elle occupe un espace annulaire, entre &me 5 et 
peau interieure 6. qui s'etend tout le long de la preforme 7, y compris en yis-li-vis des 
zones de peau exieriemc renforcees, et non facilement deformables (voir figure 9). Lors 
de rq>plication de ia pression interne p. la rfsine liquide va migrer k Tinterieur de TSme 
5. Cependant. vers Texterieur, elle ne va ressortir qu'en regard des tron9ons 8 facilement 

20 deformables, formant k ce niveau les bourrelecs d*ancrage 8* . 

Cetle variante de preforme esi d'un prix de revient plus faible que celui 
d' une pref onne k poches. 

A litre indicatif, la peau exterieure 7 a une epaisseur de Tordre de 2 i 
3 mm, rame 5 une epaisseur comprise entre 5 et 15 mm , la resine 600 une epaisseur de 

25 rordre de 0,4 mm et la peau interieure 6 une epaisseur de 1 *ordre de 2 mm. 

Bien que dans le mode dc mise en oeuvre de I'invention qui vient d'etre 
decrit en reference aux dessins, on ait affaire au tubage d'un puits vertical, et plus 
predsement d'un puits de forage petrolier, la pr^nte invention s'appliquc egalemcnt au 
tubage de puits souterrains, qui nc sont pas forcement verticaux, et au tubage de 

30 canalisations, par exemple de pipe-lines ou de gazoducs en vue de lem- reparation in situ 
par mise en place d*un diemisage interne. 
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REVENDICATIQNS 

1 . Prtfoime souple depliable radialemenl el durcissable in situ apits 
mise cn place dans un puits ou une canalisation pour y constitucr un tubagc cylindrique. 
caract^risde par le fait qu'elte comporte le long de sa paioi des zones annulaires durcissa- 
bles (3) apies k se d^former radialement vers Textirieur pour venir s'appliquer contre la 

5 paroi (20) du puits (2) ou de la canalisation ct qui formcnt apr6s durcissement des venous 
d'ancrage et d'^tanchdt^ pour ie tubage. 

2. Prtforme selon la rcvcndication 1. caracifrisdc par le fait qu'elle 
comporte une rdserve de rdsine polymirisable k chaud (60. 600) dispos6e du c6t^ 
inidrieur el apte k migrer radialemenl vers rcxigricur k iravere la paroi (10). sous Teffet 

10 d' une pression interne (p). 

3. Pr^forme selon Tune des revcndications 1 ou 2. caract6ris^ par le fait 
quelle comporte une peau ext^rieure €lastiquemenl d^fonnable (7) dont certains tron^ons 
(8. 8') en forme de manchons, onl une aptittide k ia d^formauon radiale nettement plus 
giande que celle du rcste de la peau (7), ces lron9ons rdalisant lesdits venous (3). 

4 • Prdforme selon la revcndication 3. caract^ris^e par le fait que les 
tron9ons (8, 8') facilcment ddformables sont en diastomere noa renfcHc^, tandis que le 
reste de la peau (7) est en 61astom6re renforx:^. 

5 . Prfforme selon la revcndication 2 d*une part, et 3 ou 4 d'auire pan» 
prises en combinaison. carace«ris6e par le fail que ladite r&crve consiste en des poches 
20 annulaires situdes en regard desdits iron^ons (8) de peau extdrieure facilement ddfonna- 
bles. 

6 • Prdfomfie selon la revcndication 2 d'une part, ct 3 ou 4 d* autre part, 
prises en combinaison, caractdriste par le fait que ladite reserve (600) s'dtend tout le long 
de la prdforme, y compris en regard des zones de peau cxi6ricure non facilement 
25 dfformaUes. 

7 . Prdforme selon Tune des revcndications 5 ou 6. caractdrisdc par le fait 
que la paroi de la prdforme est composfe d'une Smc (5) cn r&ine polymdrisable k chaud 
ct de deux peaux cn matdriau dlastom^re. Tune inidrieurc (6), Tautrc cxtdrieurc (7). ladite 
r&erve contenant la rdsine (60. 600) diam ddiimitdc par Vkmc (5) et par la peau inidricure 

30 (6). 

8 . Prdfonne selon la revcndication 7, caractdrisdc par le fait que Tame (5) 
comporte une annature filamentaire (50) noyde dans la rdsinc. 
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9 . Prdforme selon I'une des revendications 1 it 8. caraciiriste par le fait 
qu'cUe est munie de joints d'dtanchfili annulaires (9) entourant les zones duicissables (3) 
destine i ccmsii tuer les verrous. 

10. Proc&l^ pour mettre cn place, ancrer et rdaliser I'dtancWit^ d'unc 
5 priformc conformc i Tune des revcndications prdcidenies dans un puits ou une 

canalisation cylindiique. selon lequel: 

a) on introduit la prffonne (1) i I'dat pli£ dans le puits (2) ou la canalisa- 
tion. dont le diam^tre est un peu plus grand que celui de la prtffonne lotwju'elle est 
radialementd^ploy^e ; 

^ "nflwdesouspression a rintWeurdc la prtformcd) pour 

I'aniener & I'^tat rigoureusement cylindrique ; 

c) on provoque la deformation desdites zones annulaires (3) vers 
I'ext&ieur pour les appliquer contre la paioi (20) du puits (2) ou de la canalisation : 

d) on provoque le durdssement de la pr<fonne (1) et des zones annulaites 

15 (3). 

1 1 . Proc&K selon la revendication 10. applique h une pr^fomie oonforme 
k I'une des revendicaUons 5 ou 6. caract^s^ par le fait qu i I'^tape c) on chauffe la 
rtfsine (60) contenue dans les poches annulaires de manifete k la liqudfier et la faiie migier 
vers I'exuSrieur sous PefTet de la pression interne (p) et qu'4 1'itipi d) on inaimient cette 
20 r&me et celle constitutive de la paroi de la prtffonne k la tempdrature de polymerisation 
duiant un temps sufTisant pour obtenir le durdssement de rensemble. 
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PREFORM, DEVICE AND METHOD FOR CASING A WELL 

The present invention concerns a flexible preform that is radially foldable and curable in 
5 sjtu. after it has been placed in a well, particularly an oil well, or in a conduit, in order to constitute 
a cylindrical casing therein. 

The invention also concerns the method for positioning, anchoring this preform in the well 
or conduit and creating a seal between the preform and the well or conduit. 

Already known are prefomns the wall of which is a flexible material that can be folded on 
10 itself in order to have an overall radial dimension that is significantly smaller than the diameter of 
the well or conduit to be cased, or to be lined in the case of a localized repair. The preform in its 
folded state is inserted in the well or conduit. Once it has been positioned at the desired location, 
It Is radially defomied outward by introducing an Inflation fluid into the preform. Under the effect of 
the internal pressure, it takes a cylindrical form, that is, a circular cross section. The anchoring of 
15 the expanded preform to the interior of the well or conduit is done by means of a cement that is 
poured into the annular space separating the outer wall of the cylindrical preform from the wall of 
the well or conduit. The curing of the preform wall by polymerization can be accomplished either 
by introducing a hat liquid inside the preform, or by the Joule effect by means of appropriate 
electrical resistances arranged in the preform, for example electric wires comprising part of the 
20 wall structure of the preform, impregnated with heat-setting resin. 

Internationa! patent application WO 94/21887 concerns cementing a casing of this type. 
The cementing of a preform of this type poses several problems. 
First, it requires a relatively sophisticated and expensive cementing facility. 
Moreover, the quality of the cement must be perfect in order to be able to insert it 
25 correctly and homogeneously into the annular interstices, the thickness of which can be very 
small, separating the wall of the preform from the wall of the well or conduit. 
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Finally, the cementing is. not always very reliable because it is poorly controlled over long 

lengths. 

The objective of the present invention is to propose a preform of the type described 
above that can be positioned and anchored Inside the well or conduit without the need to use 
cement. 

This objective is achieved, according to the invention, due to the fact that the preform has. 
along its wall, annular curable zones that are radially and outwardly deformable so that they apply 
against the wall of the well or conduit, and which form, after curing, anchoring and sealing locks 
for the casing. 

Moreover, according to a number of additional, non-limiting characteristics of the 
invention: 

- the preform has a reservoir of heat-curable resin on its inner side that can migrate 
radially outward through the wall under the effect of an intemal pressure; 

- it has an elastically deformable outer skin, certain sleeve-shaped sections of which 
have a capacity for the radial deformation that is significantly greater than that of the rest of the 
skin, these sections accomplishing said locks: 

- the easily deformable sections are made of non-reinforced elastomer while the rest of 
the skin is made of reinforced elastomer. 

- said reservoir consists of annular pockets situated opposite said sections of easily 
deformable outer skin; 

- said reservoir extends the full length of the preform, including opposite the areas of 
outer skin that are not easily defomiable; 

- the wall of the preform is composed of a heat-curable resin core and two skins made of 
elastomer material, one inside and one outside, said reservoir containing the resin being 
delimited by the core and by the inner skin; 

- the preform is provided with annular seal rings encircling the curable areas intended to 
constitute the locks. 

The method according to the invention, intended for the positioning, anchoring, and 
sealing of a preform as described above inside a well or conduit, is comprised of the following 
steps: 

a) the preform in its folded state is inserted in a well or cylindrical conduit, the diameter of 
which is a little larger than that of the prefomi v\rtien it has been radially deployed; 

b) a fluid under pressure is introduced into the preform to change it to a strictly cylindrical 

state; 
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c) said annular zones are deformed outward to apply them against the wall of the well or 

conduit; 

d) the preform and the annular zones are cured. 

In an advantageous way. In step c) the resin contained in the annular pockets is healed 
in order to liquefy It and cause it to migrate outward under the effect of the internal pressure, and 
in step d), this resin and the resin of the wall of the prefonn are maintained at the polymerization 
temperature for enough time to obtain the curing of the whole. 

Other characteristics and advantages of the invention will appear from the description 
and the appended drawings, v^ich represent, by way of non-limiting examples, preferential 
embodiments. 

In these drawings: 

- Figure 1 is a diagrammatic cross sectional view of a preform according to the invention, 
after insertion and radial deployment, but before anchoring, inside an oil well; 

- Figures 2 and 3 are transverse cross sections of the preform in its initial folded state, 
according to two different methods of folding; 

- Figure 4 is a view similar to Figures 2 and 3. which represents the radially deployed 
prefomi to take a cylindrical fonm; 

- Figure 5 is a partial view, in axial cross section, of the wall of the preform at one curable 
annular zone intended to constitute an anchoring lock, prior to being radially deformed outward; 

- Figure 6 is a view similar to Figure 5, representing the preform after defomiation and 
curing of the lock; 

- Figure 7 is a diagrammatic view of a section of deployed prefonm. which is equipped 
with several seal rings at the curable annular zone intended to constitute an anchoring lock; 

- Figure 8 is a longitudinal cross section at the ring, after the preform is anchored and 
cured in a well. 

- Figures 9 and 10 are views similar to Figures 5 and 6. respectively, representing a 
variant of the preform. 

Figure 1 represents a preform 1 according to the invention, vi^iich is placed inside an oil 
well 2, the cylindrical wall of which is referenced as 20. 

The prefomn is of a known type, made of themnosetting, heat-curable material, which, 
prior to being placed inside the well, is folded longitudinally so as to have a reduced radial 
dimension. 
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The folding can be done in "U" shape as shown diagrammatically in Figure 2. or "snaiP 
shape as represented in Figure 3. 

After being positioned inside the well 2 along the desired length, the preform is deployed 
so that it takes on a cylindrical form, as illustrated in Figures 1 and 4. 

This radial expansion is accomplished by introducing a fluid under pressure into the 
preform's internal space 100. To do this, a conduit 4 is provided that sealably penetrates the 
preform at its upper end la and carries the fluid from the surface S of the well. The fluid used can 
simply be the liquid mud extracted from the well 

The lower end lb of the prefomi is naturally plugged by an appropriate closing means. 

In its deployed state, the wall 10 of the preform has an strictly cylindrical shape, of 
specific diameter. The diameter of its outer surface Is selected so as to be slightly less than the 
diameter of the well's wall. 

By way of non-limiting example, the outside diameter of the preform will be 178 
millimeters, while the diameter of the wall 20 will be 184 millimeters. 

There is therefore an annular space j the radial value of which, for example, is 3 
millimeters. 

This free annular space along the full height of the preform allows the mud to be 
evacuated during inflation. 

According to one essential characteristic of the Invention, the preform 1 is provided with 
several annular curable zones distributed along its wall, which are radially and outwardly 
deformable so that they apply against the wall 20 of the well, and which after curing, form 
anchoring and sealing locks for the casing. These locks are represented by broken lines and by 
references 3 in Figure 1. 

The different locks 3 are spaced at predetermined distances L,, La that are not 
necessarily equal. 

By way of example, the prefomi has a length that can reach 3.000 meters. 
The spacing of the locks 3 can be between 5 and 50 meters, for example. 
The height of the locks will be on the order of 0.5 to 3 meters. 

In the embodiment represented in Figures 5 and 6. the wall 10 of the preform is 
composed of a heat-setting core 5 sandwiched between an inner skin 6 and an outer skin 7. 
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The core 5 is a heat-curable resir), inside which is embedded a reinforcing structure 
composed of fibers 50, such as glass or carbon fibers, some of which are circumferential and 
others longitudinal. 

The inner skin 6 is an unreinforced elastomer materia! (synthetic rubber). The outer skin 
7 is an elastomer material reinforced by a slightly expandable fabric. 

The annular zone intended to constitute the lock forms a resen/oir (pocket) delimited by 
the core 5 as well as by a bulge 6\ toward the Interior 100 of the preform, in the inner skin 6. This 
reservoir contains a heat-curable resin 60. 

Opposite the bulge 6\ the outer skin 7 is intenrupted to be replaced by a sleeve tube 8. 
This sleeve tube is appropriately connected and attached, for example by gluing, to the skin 7. 
The sleeve tube 8 is made of an unreinforced elastomer material. It is therefore radially 
expandable, unlike the rest of the outer skin 7. 

By way of example, the thickness of each of the skins 6, 7 is on the order of 2 millimeters, 
while the core 5 has a thickness of between 5 and 15 millimeters. 

The resin 60 is selected to have a high viscosity at ambient temperature, and a low 
viscosity at high temperature, for example above about 80*^0. It then becomes liquid and can 
migrate outward through the core 5 and its reinforcing structure 50. 

The anchoring of the preform in the well is done as explained in the following. 

First, the preform is radially deployed by introducing the liquid L into it, as already 
mentioned above. The preform will then progressively take on a cylindrical shape, while the mud 
present inside the well is forced out of the annular space that remains free, and rises to the 
surface. The rest of this same mud can be used as the inflation liquid L, by means of a suitable 
pumping system. 

The pressure of the liquid L is selected so that there is a relatively high pressure 
differential, for example on the order of 10 bars, between the liquids inside and outside the 
preform. The preform is held in its proper position inside the pipe by an appropriate device 
installed at the surface, and not represented. 

Next, the wall of the preform is heated either by replacing the liquid L with a hot liquid, or 
by the Joule effect using appropriate electrical resistances mounted in the preform. This heat will 
liquefy the resin 60 contained in the pockets 6\ as well as the resin of the core 5. 
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Under the effect of the pressure p of the Internal fluid, the liquid resin then migrates 
outward from the interior, while fordng the resin comprising the core 5 through to form annular 
bulges 61 which will be applied - by means of sections of easily defomnable skin 8 - against the 
wall 20, with a relatively strong pressure. Of course, the capacity of the reservoirs, and 
correiatively, the volume of the resin 60. are chosen so as to be sufficient to correctly fill the 
annular space J. and to sufficiently deform ttie locks 3 in an outward direction against the wall 20. 
The sections 8, after radial expansion, are referenced 8' In the drawings. 

The necessary calories continue to be applied to the preform and to the lock for enough 
time - usually a few hours - to obtain a curing of the wall assembly, including the locks. 

Thus, a rigkJ casing is obtained with cylindrical interior vfsW, and the outer wall of which Is 
formed of annular rolls that comprise anchoring and sealing zones of the casing in the well 2. 

The final operations consist of removing the liquid from Inside the preform, withdrawing 
the conduit 4. and eliminating the upper and lower ends 1a and lb, respectively, from the preform. 

The part la can be removed simply by transverse sawing. The lower part 1b can be 
removed by axial boring inside the casing. 

It should be noted that the location of the locks 3 is perfectly controlled due to the 
presence of the sleeve tubes 8, which have a greater ability to extend radially than the rest of the 
outer skin 7. 

The outward deformation of the inner skin 6, at the end of the outward migration of the 
resin, is limited because the skin 7 will come up against the filament structure 50 of the core 5. 
This ensures that the interior wall of the casing will have a strictly cylindrical shape along, its full 
height. 

The annular locks will be positioned where desired, depending on the physical 
characteristics of the well to be cased, along the preform, particulariy as a function of the location 
of certain aquifer zones. 

In order to improve the seal between the preform and the wall of the well, seal rings can 
be provided at the locks 3. 

This possibility is illustrated in Figures 7 and 8. The expandable sleeve tubes 8 are fitted 
with one or more seal rings 9, for example three in number. These are flexible rings, for example, 
capable of being deployed radially at the same time as the prefomn, to take on a toroidal shape. 
After radial expansion and curing of the locks, the rings are lodged In an annular groove of the 
outer skin 8*. 
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providing a perfect seal at this point. This sealing technique is the object of this applicant's patent 
application No. 94 03629 filed on March 23. 1994. It is applied here to the anchoring areas of the 
preform. 

It should be noted that the resin 60 can remain enclosed for a long time inside the 
pockets 6*. with no risk of degradation. 

The prefomns can therefore be stored without damage, put in place whenever desired, 
then also anchored whenever desired. Furthermore, the prefonm and locks do not need to be 
cured until after the radial deployment of the preform. These operations can be performed 
successively at the proper time, depending on the availability of the personnel assigned to these 
tasks. 

In the prefomi variant illustrated in Figures 9 and 10, in which the same references as in 
Figures 5 and 6 were used to designate identical or similar elements, the reserve of heat-curable 
resin 600 is not confined In the pockets. On the contrary, it occupies an annular space between 
the core 5 and the inner skin 6. which extends the full length of the preform 7. including opposite 
the outer reinforced skin areas that are not easily defomnable (see Figure 9). During the 
application of the internal pressure p. the liquid resin migrates to the inside of the core 5. Toward 
the exterior, however, it will only push out into the easily deformable sections 8. forming 
anchoring rolls 8* there. 

This prefonm variant has a lower production cost than a preform with pockets. 

By way of example, the outer skin 7 has a thickness on the order of 2'to 3 mm, the core 5 
has a thickness of between 5 and 15 mm, the resin 600 has a thickness on the order of 0.4 mm 
and the inner skin 6 has a thickness on the order of 2 mm. 

Although in the method of Implementing the invention that has just been described with 
reference to the drawings, the casing was for a vertical well, and more specifically an oil well 
bore-hole, the present invention also applies to the casing of underground wells that are not 
necessarily vertical, and to the casing of conduits, for example pipelines or gas pipelines, for the 
purpose of repairing them in situ by installing an internal lining. 
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CLAIMS 

1. Flexible preform that is radially foldable and curable in situ , after it has been placed in 
a well or in a conduit, in order to constitute a cylindrical casing therein, characterized by the fact 
that the preform has, along Its wall, annular curable zones (3) that are radially and outwardly 
deformable so that they apply against the wall (20) of the well (2) or conduit, and which form, after 
curing, anchoring and sealing locks for the casing. 

2. Prefomri according to claim 1, characterized by the fact that it has a reservoir of heat- 
curable resin (60. 600) on its inner side that can migrate radially outward through the wall (10) 
under the effect of an Internal pressure (p). 

3. Preform according to either of claims 1 or 2, characterized by the fact that it has an 
elastically deformable outer skin (7), certain sleeve-shaped sections (8, 8*) of which have a 
capacity for the radial deformation that is significantly greater than that of the rest of the skin (7), 
these sections accomplishing said locks (3). 

4. Preform according to claim 3, characterized by the fact that the easily-deformable 
sections (8, 8') are made of non-reinforced elastomer while the rest of the skin (7) is made of 
reinforced elastomer. 

5. Prefomi according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact that said reservoir consists of annular pockets situated 
opposite said sections (8) of easily-deformable outer skin. 

6. Prefonn according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact said reservoir (600) extends the full length of the 
prefonm, including opposite the areas of outer skin that are not easily defomiable. 

7. Preform according to either of claims 5 or 6. characterized by the fact that the wall of 
the preform is composed of a heat-curable resin core (5) and two skins made of elastomer 
material, one inside (6) and one outside (7), said reservoir containing the resin (60, 600) being 
delimited by the core (5) and by the inner skin (6). 

8. Preform according to claim 7. characterized by the fact that the core (5) has a filament- 
type reinforcing structure (50) embedded in the resin. 
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9. Preform according to any of claims 1 to 8, characterized by the fact that it is provided 
with annular seal rings (9) encircling the curable zones (3) intended to constitute the locks. 

10. Method for the positioning, anchoring, and sealing of a preform as described above 
5 inside a well or cylindrical conduit, according to which: 

a) the preform (1) in its folded state is inserted in a well (2) or conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced Into the preform (1) to change it to a strictly 
cylindrical state; 

10 c) said annular zones (3) are deformed outward to apply them against the wall (20) of the 

well (2) or conduit; 

d) the preform (1 ) and the annular zones (3) are cured. 

11. Method according to claim 10, applied to a preform according to either of claims 5 or 
6. characterized by the fact that in step c) the resin (60) contained in the annular pockets is 

15 heated in order to liquefy it and cause it to migrate outward under the effect of the internal 
pressure (p). and that in step d). this resin and the resin of the wall of the preform are maintained 
at the polymerization temperature for enough time to obtain the curing of the whole. 



[see original for figures] 
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